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The aim of this study was to present quantitative data on the population dynamics of Chlorella-bearing
ciliates (Stentor, Ophrydium) compared to the total zooplankton community in a deep, oligotrophic
North Patagonian lake. Mixotrophic and heterotrophic ciliates, rotifers and microcrustaceans, and
important ecological parameters were sampled during a 1-year study. The results showed a low
biodiversity with only a few dominant species in every zooplankton group. Three mixotrophic ciliates –
Stentor araucanus, S. amethystinus and Ophrydium naumanni – were found. They peaked in summer and
autumn with maximum values of 152–313 Ind L1 (Stentor) and 1880 Ind L1 (Ophrydium). Their
contribution to the total ciliate abundance was 16717% (annual average). Both Stentor species
displayed a distinct vertical zonation during the stratiﬁcation period with peak depth between 10 and
15 m (metalimnion). The contribution to total zooplankton biomass was 59.4% on an annual average
(Stentor: 41%, O. naumanni: 18.4%) and 83% during the stratiﬁcation period. Both abundance and
biomass of mixotrophic ciliates correlated strongly with temperature and to a lesser degree with
copepods, rotifers and small cladocerans. According to this study mixotrophic ciliates were by far the
dominant zooplankton group in Lake Caburgua. We report for the ﬁrst time the importance of
O. naumanni in a deep Chilean North Patagonian lake.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Mixotropic ciliates are an important component of pelagic food
webs in freshwater systems (see reviews by Dolan, 1992; Jones,
2000). In some cases, it has been shown that mixotrophs can
contribute substantially to ciliate and zooplankton biomass in
both eutrophic and oligotrophic systems in the Northern and
Southern hemisphere (Beaver and Crisman, 1989; Laybourn-Parry
et al., 1991; James et al., 1995; Laybourn-Parry et al., 1997;
Modenutti et al., 1998; Woelﬂ and Geller, 2002, Woelﬂ, 2007).
In the Southern hemisphere, the most important temperate
lake district is located in South America. Therein, of special
interest is the North Patagonian lake district (39–411S), which is
characterized by its deep (zmaxb100 m), oligotrophic and warm-
monomictic lakes of glacial origin (Thomasson, 1963). These lakes
on both sides of the Andes are highly transparent (euphotic depth
up to 50 m), have low salt and nutrient concentrations, low
productivity and low species diversity (Campos, 1984; Soto and
Zun˜iga, 1991; Modenutti et al., 1998; Lovengreen et al., 1994;
Soto, 2002; De los Rı´os and Soto, 2007; Woelﬂ, 2007). TheirH. All rights reserved.plankton community is dominated mainly by calanoid copepods
(Soto and Zun˜iga, 1991), but recently it was found that also
Chlorella-bearing ciliates of the genus Stentor and Ophrydium are a
very important constituent at least of part of the North Patagonian
lakes (Modenutti et al. 1998, 2000; Modenutti and Balseiro, 2002;
Woelﬂ and Geller, 2002; Woelﬂ, 2007). The ﬁrst quantitative
results (based on seasonal samples) on the distribution of large
mixotrophic ciliates of the genus Stentor revealed their dominance
in 4 of 13 North Patagonian lakes in Southern Chile (Woelﬂ, 2007).
Therein, Stentor contributed up to 69% to total zooplankton
biomass on an annual average. It has been argued that the success
of mixotrophic ciliates in these lakes might be related to the
absence of strong invertebrate and vertebrate predators and com-
petitors, e.g. cyclopoid copepods, ﬁshes and Daphnia (Modenutti
et al., 1998; Woelﬂ, 2007; Balseiro et al., 2007; Kamjunke et al.,
2009), to their resistance to UV radiation (Modenutti et al., 2005;
Marione et al., 2006; Modenutti et al., 2008) and to their
mixotrophic nutrition mode (Woelﬂ and Geller, 2002; Modenutti
and Balseiro, 2002; Modenutti et al., 2008). However, there is only
one detailed study on the population dynamics of mixotrophic
ciliates (Lake Pirehueico, Chile) in comparison to the whole
zooplankton community and to ecological important factors over
a whole 1-year period (Woelﬂ and Geller, 2002). It is not clear, if
the population dynamics of mixotrophic ciliates differ between
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observed pattern.
The aim of this study was to present more detailed ﬁeld data
on the zooplankton community with emphasis on mixotrophic
ciliates from a deep, oligotrophic North Patagonian lake during a
1-year study. Additionally we investigated the vertical distribu-
tion of Stentor in the water column, and the correlation of
mixotrophic ciliates with biotic and abiotic factors.Materials and methods
Study site
Lake Caburgua is a warm-monomictic, oligotrophic lake of
glacial origin (o14 mg SRP L1, o30 mg DIN L1, o2.5 mg L1
Chl a) with a maximum and mean depths of 327 and 171 m,
respectively, a surface area of 51.9 km2 and a 7.7 years water
renewal time (Campos et al., 1987; this study) (Table 1). It belongs
to the large lake district of northern Patagonian Chile, being
located at 711450W, 391070S in the Andes mountains at an altitude
of 505 m above sea level (Fig. 1). The spring season starts in
October, and stable thermal stratiﬁcation occurs in the upper
10–15 m from January to March (Southern hemisphere summer)
with an epilimnetic temperature of 20–22.7 1C. There is a
temperature gradient between 10 and 35 m depth. Holomixis is
reached at about 9 1C during winter (June to August) (Campos et al.,
1987, this study). The lake water is moderately soft (alkalinity:
0.3–0.6 meq L1) with low conductivity (30–35 mS cm1), and pH
varies between 6.0 and 8.0. The lake water is highly transparent
with Secchi and euphotic depths varying between 14–25.3 and
19.0–40.0 m, respectively (Table 1).
Sampling device
Sampling was carried out every three weeks from April 2004 to
March 2005 at the central station in Lake Caburgua. Water
samples were taken from 0.1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 25, 30
and 40 m using a 3 L Friedinger bottle. To determine the vertical
distribution of Stentor, 500–1000 ml of the unﬁxed water samplesTable 1
Mean, standard deviation (SD) and minimum–maximum values for important
physical, chemical and biological parameters of Lake Caburgua. DIN=dissolved
inorganic nitrogen (nitrate+ammonium); SRP=soluble reactive phosphorous;
KdPAR=diffuse attenuation coefﬁcient (400–700 nm); PAR=photosynthetically
active radiation.
Parameter Mean7SD Min-Max
Temperature (1C) 13.279.8 9.8–16.8
Secchi depth (m) 19.272.6 14.0–25.3
Euphotic depth (m), 1%PAR 26.474.8 19.0–40.0
KdPAR 0.17570.030 0.124–0.236
DIN (N mg L1) 9.574.5 3.2–21.6
SRP (P mg L1) 4.273.9 o1.0–14.2
Chl a (mg L1) 1.170.6 0.4–2.5
Abundance (Ind L1)
S. araucanus 25743 0–313
S. amethystinus 23.0735.6 0–225
O. naumanni 3757535 0–1880
Heterotrophic ciliates 15907880 230–2810
Rotifers 31726 3–96
Crustaceans 5.376.1 0.4–26.3
Biomass (mC L1)
Stentor 4.873.5 0.6–10.9
O. naumanni 3.675.2 0.0–19.5
Heterotrophic ciliates 0.870.6 0.1–2.2
Rotifers 0.370.3 0.0–1.0
Crustanceans 3.374.2 0.3–18.2of every depth were ﬁltered onto paper ﬁlter (47 mm diameter),
the two mixotrophic Stentor species (S. araucanus, S. amethystinus)
were counted, and the C-biomass was calculated according to
Woelﬂ and Geller (2002).
Rotifers, ciliates, nutrients and chlorophyll a were determined
from an integrated water sample from the surface to 40 m. The
following analyses were carried out according to Woelﬂ and
Geller (2002) and Woelﬂ (2007). Ciliates were counted with the
Utermo¨hl-technique at 2–400 magniﬁcation in a 500 ml water
sample ﬁxed with Lugol’s solution. Abundance was converted to
C-biomass based on measurements of individuals using geometric
formulae. Carbon was calculated assuming a conversion factor of
1.4 to estimate living cell volume from biovolume of ﬁxed cells,
and a C-content of 110 fgC mm3 live volume (Woelﬂ and Geller,
2002).
To determine the abundance of rotifers, 5 L of the integrated
water sample were ﬁltered using a 30 mm mesh net, ﬁxed with
sugar–formaldehyde (ﬁnal concentration 4% vol.) and counted in
Bogorov-chambers with an inverted microscope at 100 magni-
ﬁcation. The biovolume was calculated from measurements of
individuals using geometric formulae and converted to dry
weight. C-biomass was estimated assuming a C-content of 50%
of the dry weight.
Crustaceans were sampled by vertical hauls from 40 m depth
to the lake surface using a net of 55 mmmesh size, and were ﬁxed
with sugar–formaldehyde (ﬁnal concentration 4% vol.). For the
determination of the biomass, length–dry-weight relationships
for individual species were established and the dry weights were
converted to C-biomass assuming a C-content of 50% (Woelﬂ and
Geller, 2002).
The analyses of nutrients (nitrate, ammonium, soluble reactive
phosphorous) and chlorophyll a were made according to standard
methods (see Woelﬂ and Geller, 2002). Chlorophyll a was deter-
mined spectrophotometrically after ﬁltering of 2 L of the integ-
rated water sample using 90% acetone as solvent. TemperatureFig. 1. Map of sampling site.
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water sampler (accuracy70.2 1C).
The water transparency was measured with a standard 20 cm
diameter Secchi disk. Underwater gradients of photosynthetically
active radiation (PAR, 400–700 nm waveband) were assessed by
lowering an underwater Li-Cor 185-B irradiance meter (Lambda
Instrument Co., Lincoln, Nebraska, USA), equipped with an
underwater quantum sensor, from the surface down to 28 m at
1 m depth intervals. The euphotic depth was calculated as the 1%
level of the surface radiation of PAR.
Conductivity and pH were measured with a pH-meter and a
conductivity meter (WTW-Weilheim, Germany).Statistical analysis
We conducted simple linear correlation analyses to evaluate
the associations among the environmental parameters and the
mixotrophic ciliates, using the program Statgraphics Plus for
Windows. Where necessary, data were log-transformed to
stabilize the variances.Fig. 2. Abundance of mixotrophic ciliates and their percentage contribution to
total ciliate abundance (A), abundance of rotifers (B) and of crustaceans (C) in Lake
Caburgua. Values correspond to the upper 40 m water column.Results
Abundance
In general, biodiversity within the different zooplankton
groups was relatively low with only a few dominant species.
Among the Chlorella-bearing ciliates, three species co-dominated
in Lake Caburgua: the large Stentor araucanus Foissner & Wo¨lﬂ
and Stentor amethystinus Leidy, and the much smaller Ophrydium
naumanni Pejler. The heterotrophic ciliates mainly belonged to
the genus Strombidium, Strobilidium, Urotricha and Halteria. The
average abundance in the upper 40 m water column varied
between 3–80 and 0-1883 Ind L1 for Stentor and Ophrydium,
respectively, and between 229 and 2812 cells L1 for the hetero-
trophic ciliates (Fig. 2A). Whereas O. naumanni peaked only
during midsummer (February), the two Stentor species peaked
during spring (S. amethystinus) and autumn (S. amethystinus,
S. araucanus). During the winter season (June–August) and during
early spring (October), the population density of the mixotrophic
ciliates remained very low (o20 Ind L1). Compared to the total
ciliate community, mixotrophs accounted for 41–50% of total
ciliate numbers during their peak phases, and for 16717% on an
annual mean (Fig. 2A).
The rotifer community was constituted mainly by Polyarthra
vulgaris, Keratella cochlearis, Synchaeta sp. Similar to the mixo-
trophic ciliates, rotifers peaked during the thermal stratiﬁcation
period (Polyarthra, Synchaeta, Keratella) and during autumn
(Polyarthra) (Fig. 2B). Additionally, Polyarthra showed a small
maximum during winter/early spring (July–September). The
highest values of the rotifer abundance reached Polyarthra (50–
75 Ind L1), followed by Keratella (12–15 Ind L1) and the other
rotifers (o10 Ind L1) (Fig. 2B).
Regarding the microcrustaceans the most important species
were the small cladocerans Eubosmina hagmanni and Ceriodaphnia
dubia, followed by the calanoid copepods Boeckella gracilipes,
Tumeodiaptomus diabolicus. The cyclopoid copepod Mesocyclops
araucanus was of minor importance (Fig. 2C). Whereas the
cladocerans reached maximum abundances of 3.3–15.8 Ind L1
(E. hagmanni) and 5–8 Ind L1 (C. dubia), the total abundance of
the copepods did not exceed 5 Ind L1. Within the copepod
community, B. gracilipes was the most important species. Similar
to the rotifers, E. hagmanni peaked in autumn, early spring and
midsummer, whereas C. dubia peaked only during midsummer(February/March). In contrast to the mixotrophic ciliates, the
copepods peaked during late autumn and winter with maximum
values of copepodites and nauplii. During the stratiﬁcation period,
mainly adults were present (Fig. 2C).
Vertical distribution of Stentor
We determined the vertical distribution from surface to 40 m
depth (Fig. 3) only for Stentor. As expected, Stentor displayed a
distinct vertical zonation from late spring to autumn. Both Stentor
species preferred the upper 10–15 m zone, which corresponds
to the epilimnion and the upper part of the metalimnion.
S. amethystinus and S. araucanus showed peak abundances of
152 and 313 Ind L1 between the surface and 10 m depth
(S. amethystinus) and between 5 and 12.5 m depth (S. araucanus)
(Fig. 3, Table 2). In these depths, the ciliates received at midday
80–455 mmol photons m2 s1, which corresponded to 10–100%
(S. amethystinus) and 10–49% (S. araucanus) of the surface
radiation (Table 2). During late autumn and the winter period,
Stentor was uniformly distributed through the whole water
column and reached only low abundances (o15 Ind L1).
Biomass of mixotrophs
The biomass of mixotrophic ciliates (Stentor+Ophrydium)
accounted for 24.4–93.5% to the total zooplankton biomass, or
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Ophrydium to almost 18.4% of the total zooplankton biomass.
However, during the summer peak of the mixotrophic ciliates
(December–February), their contribution to total zooplankton
biomass averaged 83% of total zooplankton biomass.
Correlation matrix
The correlation of mixotrophic ciliates and biotic and abiotic
factors revealed several signiﬁcant correlations (Table 3). The
abundance of S. araucanus was positively correlated to the
abundance of all mixotrophic ciliates and was positively
correlated to the temperature and to a lower degree to
heterotrophic ciliates and negatively to the calanoid copepods.
There was also a positive correlation between the mixotrophs
themselves. There was no correlation between the abundance of
mixotrophs and nutrients, transparency, euphotic depths and the
rest of zooplankton groups.
The biomass and the abundance of the different mixotrophic
ciliate species and of the sum of the total mixotrophic biomass
were highly positively correlated with temperature (r=0.84–0.94),
explaining 71–88% of the observed variation in biomass. Much
weaker signiﬁcant correlations were found for the secchi depth
(Stentor), the copepods (Stentor, mixotrophs), the rotifers (Ophry-
dium, mixotrophs) and E. hagmanni (Ophrydium). There was no
signiﬁcant correlation between the mixotrophic ciliates and the
other parameters.Discussion
This study presents quantitative data on the seasonal
dynamics of the zooplankton community in a deep NorthFig. 3. Vertical distribution of S. araucanus and S. amethystinus in Lake Caburgua
(0–40 m).
Table 2
Light conditions (PAR), peak abundances and depths of peak abundances of S. amethys
S. amethystinus
Date Depth (m) mmol photons m2 s1 % surface radiation Ind L
28/12/04 7.5 370 36 117
11/01/05 10 80 10 149
24/01/05 5 455 28 29
07/02/05 7.5 103 36 121
22/02/05 10 153 19 127
24/03/05 0 466 100 152Patagonian lake. In this lake, three mixotrophic ciliates played a
very important role based on their high abundance and biomass
compared to total zooplankton community. A similar dominance
of large mixotrophs of the genus Stentor was reported by Woelﬂ
and Geller (2002) for Lake Pirehueico and by Woelﬂ (2007) for
several North Patagonian lakes in Southern Chile. However, in this
lake we also found O. naumanni as an important constituent for
the ﬁrst time. This ciliate probably was overlooked in previous
studies in Southern Chile, because the metalimnion – where
Ophrydium concentrated according to literature data on Argenti-
nean lakes (Queimalinos et al., 1999; Pe´rez et al., 2002) was not
sampled. The codominance of Stentor and Ophrydium was also
reported for the North Patagonian lakes on the Argentinean side
in the Nahuel Huapi district (Modenutti, 1997; Modenutti et al.,
1998), but quantitative data on the whole zooplankton commu-
nity during a 1-year period is still lacking for these lakes.
Our results on the abundance and biomass of Stentor agree
with data from North Patagonian lakes in Southern Chile (Woelﬂ
and Geller, 2002; Woelﬂ, 2007). On an annual mean, mixotrophs
accounted for about 60% of the standing stock of the zooplankton
community and more than 80% during their peak phases in
summer and autumn. This value is among the highest reported in
the literature for deep lakes (zmax4100 m) (Beaver and Crisman,
1989; Laybourn-Parry et al., 1991; James et al., 1995; Laybourn-
Parry et al., 1997).
The zooplankton community of Lake Caburgua was very
similar to that of other North Patagonian lakes where mixotrophic
ciliates dominated (Modenutti, 1997; Woelﬂ, 2007). Beside the
mixotrophs, calanoid copepods, two small cladocerans, oligotri-
chid ciliates and a few rotifer species constituted the zooplankton
community. Cyclopoid copepods accounted for less than 10% oftinus and S. araucanus during the stratiﬁcation period in Lake Caburgua.
S. araucanus
1 Depth (m) mmol photons m2 s1 % surface radiation Ind L1
7.5 370 106 36
10 80 139 10
5 455 165 28
5 139 163 49
12.5 89 313 11
7.5 85 114 18
Fig. 4. Biomass of Ophrydium, Stentor, heterotrophic ciliates, rotifers and
crustaceans and the percentage contribution of mixotophic ciliates to total
zooplankton biomass. Biomass values correspond to the upper 40 m water
column. The black line separates the biomass of the whole ciliates community
from the other zooplankton groups.
ARTICLE IN PRESS
Table 3
Signiﬁcant correlations between mixotrophic ciliates and biotic and abiotic factors across dates (0–40 m), n=19. SRP=soluble reactive phosphorous; DIN=dissolved
inorganic nitrogen; PAR=photosynthetically active radiation (400–700 nm); n.s.=not signiﬁcant.
Abundance (Ind L1) Biomass (mg C L1)
S. arau S. ame O. naum Stentor O. naum Stentor + Ophrydium.
Biomass Stentor (mg C L1) – – – – 0.55 0.89
Abundance S.arau (Ind L1) – – 0.66 – – -
Abundance S.ame (Ind L1) 0.65 0.50 – – -
Temperature (0–40 m) (1C) 0.58 0.75 0.87 0.84 0.86 0.94
Secchi depth (m) n.s. n.s. n.s. 0.50 n.s. n.s.
1% PAR (m) n.s. n.s. n.s. n.s. n.s. n.s.
SRP (mg P L1) n.s. n.s. n.s. n.s. n.s. n.s.
DIN (mg N L1) n.s. n.s. n.s. n.s. n.s. n.s.
Chlorophyll a (mg Chl a L1) n.s. n.s. n.s. n.s. n.s. n.s.
Heterotrophic ciliates 0.61 0.65 0.62 n.s. n.s. n.s.
Rotifers (mg C L1) n.s. n.s. n.s. n.s. 0.54 0.50
E. hagmanni (mg C L1) n.s. n.s. n.s. n.s. 0.49 n.s.
C. dubia (mg C L1) n.s. n.s. n.s. n.s. n.s. n.s.
Calanoid copepods (mg C L1) 0.45 0.48 0.50 0.54 n.s. 0.50
Cyclopoid copepods (mg C L1) n.s. n.s. n.s. 0.46 n.s. n.s.
S. Woelﬂ et al. / Limnologica 40 (2010) 134–139138the crustaceans, whereas larger cladocerans (Daphnia) were
completely absent. The absence of Daphnia probably is due to
its vulnerability to UV radiation, low food quantity and quality, or
ﬁsh predation as pointed out by Balseiro et al. (2007), Marione
et al. (2006) and De los Rı´os and Soto (2007). The latter authors
found that Daphniid cladocerans are only abundant in those
oligotrophic–mesotrophic lakes between 39–511S where protec-
tion against the penetration of ultraviolet radiation is possible,
and where the Secchi depth was below 12 m. Thus in Lake
Caburgua, with its high Secchi depth and its low epilimnion depth
of only about 10–12 m, the abiotic conditions probably inhibits
the survival of Daphnia.
The seasonal dynamics of the three mixotrophic ciliates
conforms to the seasonal temperature cycle. About 70% of the
abundance and biomass values of the mixotrophs could be
explained by the temperature pattern. This result is higher than
that found by Woelﬂ and Geller (2002) for Lake Pirehueico, where
Stentor also peaked during spring. In contrast, the mixotrophic
ciliates in Lake Caburgua showed no spring peak, probably
because the development of the thermal stratiﬁcation in Lake
Caburgua started very late (December) compared to Lake
Pirehueico. On the other hand, in both lakes the mixotrophic
ciliates showed minimal abundance during winter holomixis,
when light conditions were limiting.
We did not ﬁnd a signiﬁcant correlation between the mean
abundance of the mixotrophic ciliates and the Secchi depth or
euphotic depth. We suggest that, rather than light conditions in Lake
Caburgua, the thermocline depth is limiting, as found by Modenutti
et al. (2008) for S. araucanus and O. naumanni. In the case of Stentor,
both species peaked in general between the subsurface and the
metalimnion, where they received almost the same radiation levels.
This agrees with literature data for the vertical distribution of
S. amethystinus (Woelﬂ and Geller, 2002) and of S. araucanus (Woelﬂ
and Geller, 2002; Modenutti et al., 2005, 2008). According to these
authors, Stentor reached maximum or near-maximum photosynth-
esis values between 200 and 500 mmol photons m2 s1. This
coincides with the light intensities measured in the peak depth of
both Stentor species in Lake Caburgua. However, it is not clear
whether the mixotrophic ciliates, vertically migrate, and data is
lacking on this topic in the literature. Only for S. araucanus is there
evidence of resistance to UV radiation (Modenutti et al., 2005), thus
it might vertically migrate in order to compensate for low light
conditions. For O. naumanni it is reported that it peaks near the
euphotic depths, but it is not clear whether this ciliate also showed a
vertical migration.Other biotic and abiotic parameters showed much weaker
correlations with the mixotrophs, especially rotifers and Eubos-
mina (positively related) and the copepods (negatively related).
These zooplankton groups potentially are competitors of Stentor
and Ophrydium and in the case of copepods maybe also are
predators. In the case of the copepods, B. gracilipes could in
principle consume Ophrydium when it is offered as a single food
item, but it was not ingested when natural phytoplankton and
ciliate assemblages are offered as prey organisms (Balseiro et al.,
2001). Although we do not have data on the phytoplankton
community (the samples were destroyed by ﬁre), our results
showed that heterotrophic ciliates were always present in Lake
Caburgua. Thus, we suppose that predation of Boeckella on
Ophrydium was not important. In the case of cyclopoid copepods,
we also suggest that the predation impact was negligible, because
of their very low numbers and because it is not clear if they ingest
Stentor and Ophrydium. Regarding competition with the crusta-
ceans and rotifers, it is rather speculative to estimate their impact
on the mixotrophic ciliates. Perhaps the observed decline of
Ophrydium in March, which coincides with the summer peak of
cladocerans and rotifers, indicates competition for picoplankton
and small algae, which are ingested by Ophrydium, and also by
cladocerans and rotifers (Balseiro et al., 2004). However if we
consider the high biomass of O. naumanni, and its ability to prey
on the picoplankton fraction (Modenutti and Balseiro, 2002;
Balseiro et al., 2004), which accounts for up to 50% of the primary
production in these lakes (Navarro et al., 2008), it is clear that
Ophrydium might play an important role as trophic link in North
Patagonian lakes.Conclusion
This study showed signiﬁcant plankton contribution of mixo-
trophic ciliates to plankton dynamics, in comparison to the
zooplankton community and abiotic factors in a deep, oligotrophic
North Patagonian lake. Three mixotrophic ciliates of the genus
Stentor and Ophrydium co-dominated within the zooplankton
community. They accounted for almost 60% of the mean annual
zooplankton biomass and for 83% during summer stratiﬁcation. The
observed population pattern was similar to a former investigation
with exception of the codominance of O. naumanni. The develop-
ment of the mixotrophic ciliates was highly related to temperature.
We propose that the predation impact on the mixotrophs was low,
but this should be conﬁrmed by further studies.
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